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CLAIMS 



[Claim(s)] 

[Claim 1] Said Kushigata electrode is surface acoustic wave equipment 



characterized by what it forms by the aluminum metal membrane by which 
orientation of the crystal was carried out to fixed bearing in the surface acoustic 
wave equipment equipped with the Kushigata electrode for exciting or receiving a 
surface acoustic wave on the piezoelectric substrate, and is formed so that a 
protective coat may cover. 

[Claim 2] Said Kushigata electrode is surface acoustic wave equipment 
characterized by what it consists of an aluminum metal membrane by which 
orientation of the crystal was carried out to fixed bearing in the surface acoustic 
wave equipment equipped with the Kushigata electrode for exciting or receiving a 
surface acoustic wave on the piezoelectric substrate, and has a substrate thin 
film which raises the stacking tendency of the crystal of said aluminum metal 
membrane on said piezoelectric substrate, and is formed so that a protective 
coat may cover said Kushigata electrode. 

[Claim 3] the surface acoustic wave equipment indicated in any 1 term of claim 1 
thru/or claim 2 - setting - said Kushigata electrode - aluminum impurity 0.1 
thru/or 5wt(s)% - surface acoustic wave equipment which is the added aluminum 
alloy film and is characterized by what the crystal is doing to fixed bearing for 
orientation. 

[Claim 4] It is surface acoustic wave equipment characterized by what said 
protective coat consists of insulating inorganic materials for in the surface 
acoustic wave equipment indicated in any 1 term of claim 1 thru/or claim 3. 
[Claim 5] It is surface acoustic wave equipment characterized by what said 
insulating inorganic material consists of diacid-ized silicon film (Si02) for in the 
surface acoustic wave equipment indicated to claim 4. 
[Claim 6] It is surface acoustic wave equipment characterized by what said 
protective coat consists of polyimide system resin ingredients for in the surface 
acoustic wave equipment indicated in any 1 term of claim 1 thru/or claim 3. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to surface acoustic wave equipment. 
Especially, the power-proof nature of an electrode layer or the surface acoustic 
wave resonator with which the surface acoustic wave of the large amplitude 
exists as a standing wave and a surface acoustic wave filter, or electrode width 
of face is applied to the surface acoustic wave equipment which has a detailed 
electrode thin film 1 micrometer or less, and it is related with the surface acoustic 
wave equipment which has the outstanding power-proof nature and dependability. 
[0002] 

[Description of the Prior Art] Although spread is used for IF filters, such as 
remarkable mobile communications and a cellular phone, surface acoustic wave 
(SAW) equipment, especially a surface acoustic wave filter are replaced with a 
dielectric filter also in RF band, and have come to be used briskly in recent years. 
If a surface acoustic wave filter is compared with that a component dimension is 
small and the same component dimension compared with a dielectric filter, the 
fact that the electrical property is excellent etc. will be cited as this reason. 
Especially surface acoustic wave equipment However, the frequency band 
beyond 1GHz order or it, Namely, the electrode width of face of the Kushigata 



* 

electrode used in order to carry out excitation of a surface acoustic wave, and 
reception when using with RF band, and an electrode spacing - being as 
detailed as less than [ about 1 micrometer order or it ] respectively - becoming - 
moreover, electrode layer thickness - about - Since it became a thin film 0.4 
micrometers or less, with IF band, there was a problem of being short, the power- 
proof nature, i.e., the component life, of the electrode layer used as a problem. 
[0003] First, the power-proof nature of surface acoustic wave equipment is 
explained. The power-proof nature of an electrode layer has mainly determined 
the life of surface acoustic wave equipment. Aluminum (aluminum) is used for the 
electrode layer of this surface acoustic wave equipment from that specific gravity 
is small and the reasons nil why electric resistance is small etc. Now, if surface 
acoustic wave equipment is made into operating state, a surface acoustic wave 
will be excited on a piezo-electric substrate, and the repeated stress proportional 
to a frequency joins an electrode layer. This repeated stress produces the 
migration of the aluminum in an electrode layer. Defects, such as a void 
(depletion) and a hillock (projection), occurring in an electrode layer, and 
degrading the property of surface acoustic wave equipment greatly by the 
migration of this aluminum, is known. The degradation phenomenon of this 
electrode layer appears so notably that impression power is so large that it 
becomes a RF. Simultaneously, an electrode becomes more detailed [ thin-film- 
izing electrode width of face, and its spacing ] more, so that it becomes a RF. By 
migration, it becomes easy to generate a defect, power-proof nature deteriorates, 
and the electrode layer shortens the component life, so that it becomes a RF 
according to these factors. 

[0004] In order to raise the power-proof nature of this aluminum electrode layer, 
the aluminum-copper alloy (aluminum-Cu) film which added the copper (Cu) of a 
minute amount to aluminum It is indicated by J.I.Latham etc. (Thin Solid Films, 
64, pp.9 1979 [ -15 or ]). By alloying of this aluminum, the hillock of an electrode 
layer and generating of a void were controlled and the power-proof nature of 
surface acoustic wave equipment was raised. Moreover, it is an addition metal to 



aluminum which presents power-proof [ quantity ] nature. Titanium (Ti), palladium 
(Pd), a tungsten (W), etc. are proposed other than copper, since these addition 
metals have the fault that the rate of membrane resistance becomes large so that 
an addition is large - about - It is supposed that 0.1 to 5wt(s)% is desirable. 
[0005] On the other hand, in order to raise the power-proof nature of the above- 
mentioned aluminum film or the aluminum alloy film, or it makes the orientation of 
the crystal orientation carry out in the fixed direction, surface acoustic wave 
equipment, such as making the stacking tendency high or using it as the single 
crystal film and the EPITARUKISHARU film, is proposed. They are indicated by 
JP,55-49014,A, JP,3-14309,A. JP,5-199062,A, JP,5-90268.A, and JP,5- 
226337 ,A. The electrode layer currently indicated by these is the description with 
common carrying out orientation in the fixed direction in crystal orientation, 
although a notation different, respectively is made about the crystallinity. 
Although vacuum deposition or a spatter is used when forming an electrode layer 
on a piezo-electric substrate generally, the electrode layer obtained is usually 
polycrystal film which has two or more crystal faces. It is known to this polycrystal 
electrode layer that the electrode layer in which above-mentioned crystal 
orientation is carrying out orientation to fixed bearing will present about 1 00 times 
thru/or hundreds times as many power-proof nature as this. 
[0006] 

[Problem(s) to be Solved by the Invention] Although the electrode layer in which 
crystal orientation is carrying out orientation in the fixed direction as mentioned 
above presents the outstanding power-proof nature, the following characteristic 
phenomena appear in the power-proof trial which evaluates the power-proof 
nature, the aluminum electrode layer in which crystal orientation is carrying out 
orientation to drawing 5 in the fixed bearing with the polycrystal aluminum 
electrode layer ~ the power-proof test result of five samples is shown, 
respectively. The surface acoustic wave equipment of a test sample examined in 
the power-proof test circuit shown in drawing 6 . A test sample is paid to oven. It 
is 80 degrees C in ambient temperature, and power impressed 1W. Moreover, it 



enabled it to measure the electrical property of the surface acoustic wave 
equipment under trial at any time with a network analyzer. 
[0007] By the polycrystal film, the insertion loss of surface acoustic wave 
equipment is increasing from the result of drawing 5 to about 1dB after test 
initiation. Then, when electron microscope observation on the front face of an 
electrode layer was performed, it turned out that the void and the hillock have 
occurred at the electrode layer. It turned out that the defect generated in this 
electrode layer enlarges specific resistance of an electrode layer, and enlarges 
the insertion loss of surface acoustic wave equipment. And inter-electrode short- 
circuits because the grown-up hillock contacts the next electrode by continuing a 
trial further, and an electrode breaks in respect of x mark. 
[0008] In the case of the electrode layer in which crystal orientation is carrying 
out orientation in the fixed direction on the other hand, the increment in the 
insertion loss in the middle of a trial is very small. When electron microscope 
observation of this electrode layer front face was carried out, there is no big 
hillock which was seen by the polycrystal film in the electrode layer under trial, 
and only the very small void was observed. Therefore, since there were very few 
defects of an electrode layer, it turned out that change of an insertion loss is also 
small. However, if a trial is continued and it goes, electrode destruction (x mark) 

* 

will occur suddenly in a certain time amount. Although few voids were generated, 
since it had not generated, the hillock which caused electrode destruction was 
unknown about the cause of this electrode destruction. Moreover, although the 
life of five samples was dramatically as long as 100 or more times compared with 
the polycrystal film, it had the technical problem that the dispersion was large and 
it occurred by the time amount which electrode destruction does not expect. 
[0009] Then, this invention aims to an electrode material to let crystal orientation 
for the power-proof nature of an electrode thin film to improve, and provide fixed 
bearing with reliable surface acoustic wave equipment using the aluminum thin 
film which is carrying out orientation thru/or an aluminum alloy thin film. 
[0010] 



[Means for Solving the Problem] This invention is equipped with the following 
configurations in order to solve the above-mentioned technical problem. 
(Configuration 1) Said Kushigata electrode is surface acoustic wave equipment 
which forms by the aluminum metal membrane by which orientation of the crystal 
was carried out to fixed bearing in the surface acoustic wave equipment 
equipped with the Kushigata electrode for exciting or receiving a surface acoustic 
wave on the piezoelectric substrate, and is formed so that a protective coat may 
cover. 

[0011] (Configuration 2) Said Kushigata electrode is surface acoustic wave 
equipment currently formed so that it may consist of an aluminum metal 
membrane by which orientation of the crystal was carried out to fixed bearing in 
the surface acoustic wave equipment equipped with the Kushigata electrode for 
exciting or receiving a surface acoustic wave on the piezoelectric substrate, it 
may have a substrate thin film which raises the stacking tendency of the crystal 
of said aluminum metal membrane on said piezoelectric substrate and a 
protective coat may cover said Kushigata electrode. 

[0012] (Configuration 3) the surface acoustic wave equipment indicated to any 
one of a configuration 1 thru/or the configurations 2 - setting said Kushigata 
electrode - aluminum - impurity 0.1 thru/or 5wt(s)% - surface acoustic wave 
equipment in which is the added aluminum alloy film and the crystal is carrying 
out orientation to fixed bearing. 

[0013] (Configuration 4) It is surface acoustic wave equipment with which said 
protective coat consists of insulating inorganic materials in the surface acoustic 
wave equipment indicated to any one of a configuration 1 thru/or the 
configurations 3. 

[0014] (Configuration 5) It is surface acoustic wave equipment with which said 
insulating inorganic material consists of diacid-ized silicon film (Si02) in the 
surface acoustic wave equipment indicated in the configurafion 4. 
[0015] (Configuration 6) It is surface acoustic wave equipment with which said 
protective coat consists of polyimide system resin ingredients in the surface 



acoustic wave equipment indicated to any one of a configuration 1 thru/or the 
configurations 3. 

[0016] (Tlie operation effectiveness) The following things were clarified as a 
result of investigating about the cause of the electrode destruction which carries 
out the heterogenesis, as described in the above-mentioned technical problem. 
That is, in the electrode layer in which crystal orientation is carrying out 
orientation to fixed bearing, it turned out that a different whisker from the void 
which grows gradually, or a hillock occurs. Although this whisker is not large like 
a void, there is the description that it is very thin and long. Even if a whisker 
occurs in an electrode layer, even if magnitude is dramatically small, for example, 
one whisker occurs, change of an insertion loss is hardly influenced, however, at 
least the only one whisker short-circuits inter-electrode by growing up - even 
making ~ it results. Although it is not clear about the cause of generating of this 
whisker, though crystallinity is excellent, since the crystal orientation of all 
electrode layers has not carried out orientation to fixed bearing and the 
polycrystal condition also exists slightly, it is thought that the whisker will have 
occurred in the location with such crystalline mismatching. However, about the 
reason which is generated in the form of a whisker unlike the hillock seen by the 
polycrystal film, it is unknown. 

[0017] By the invention in this application, crystal orientation is considered to 
have controlled generating of the whisker which is the cause of destructive in the 
electrode layer which is carrying out orientation to fixed bearing as mentioned 
above by the protective coat formed in the whole Kushigata polar zone. 
[0018] 

[Embodiment of the Invention] Hereafter, it explains based on the example of this 
invention. The surface acoustic wave equipment of this example is center 
frequency. It is the surface acoustic wave filter designed in 947.5MHz portable 
telephone RF interstage filters. The usual photolithography technique performed 
electrode processing for the electrode layer, using the lithium-niobate (LiNb03) 
wafer 1 1 as a piezo-electric substrate. 



[0019] The sectional view of the surface acoustic wave equipment of this 
invention is shown in drawing 1 , As a piezo-electric substrate, the lithium-niobate 
(LiNb03) wafer 11 was used. On this piezo-electric substrate, it is thickness 
abbreviation. 0.16-micrometer crystal orientation carried out membrane formation 
and electrode processing for the aluminum thin film 12 by which orientation was 
carried out in the fixed direction. The sectional view of other surface acoustic 
wave equipments of this invention is shown in drawing 2 . In this example, in 
order to make orientation easy to carry out in the fixed direction in crystal 
orientation, after forming the titanium thin film 24 in a substrate, membrane 
formation and electrode processing were carried out for the aluminum thin film 22. 
Each aluminum film was measured with the X-ray diffraction method, and it 
checked that it was the aluminum film which carried out orientation in the fixed 
direction in crystal orientation. Electrode width efface was set to about 1 
micrometer. It bends with what formed the protective coat, and it divides into two 
kinds of things, produces, it passes like an erector, and a test sample is in the 
last target. It installed in the ceramic stacked package of 3.8mmx 3.8mm, and 
considered as the test sample. In addition, in order for inter-electrode to be in a 
short circuit condition for a protective coat to be a conductive ingredient and to 
cause trouble to excitation or reception of a surface acoustic wave, the diacid- 
ized silicon film (Si02) which is an insulating inorganic material was used. 
[0020] The power-proof trial was performed in the measuring circuit shown in 
drawing 6 . Temperature In 80-degree C oven, the surface acoustic wave filter 
which is a test sample was put in, and input (charge) power 1 W were impressed. 
The network analyzer is connected to this surface acoustic wave filter, and the 
electrical property of the filter under trial can be measured now. In addition, the 
insertion loss of a filter the life of a test sample It considered as the time amount 
when increasing 0.5dB, or the time amount which inter-electrode short-circuits 
and results in component destruction. 

[0021] The power-proof test result of five samples which do not have drawing 3 
and a protective coat in the power-proof test result of five samples with the 



protective coat produced as mentioned above is shown in drawing 4 . By the 
sample which has a protective coat so that clearly from this drawing, dispersion 
in a life is also small, a life does not have about 2, either, and it has extended by 
about 3 times. That is, it became clear that the protective coat formed on the 
electrode layer of the fixed direction like crystal orientation of the invention in this 
application raises power-proof nature, and also makes dispersion in a life small. 
[0022] Next, the experiment same also about the case where the polyimide resin 
film is used as a protective coat as the above was conducted. Consequently, 
although there was no effectiveness in dispersion in a life, as for power-proof 
nature, the improvement of about about 2 times was found. Although the 
Improvement like the diacid-ized silicon film was not found, when there was no 
protective coat and having been compared, it turned out that there is an 
improvement. 

[0023] In addition, it is in a substrate thin film. Although titanium was used, in 
addition although metal thin films, such as copper (Cu), a tungsten (W), 
chromium (Cr), and nickel (nickel), are known, if the aluminum film formed on 
these substrates film carries out orientation to fixed bearing and is clear and is in 
it in crystal orientation, it will not ask about the construction material of the 
substrate film. Moreover, as the conventional technique described, the same 
effectiveness was acquired when the crystal orientation was carrying out 
orientation also of the aluminum alloy film which added the impurity of a minute 
amount (0.1 thru/or 5wt(s)%) to aluminum to fixed bearing. 
[0024] By the way, although it experimented on the piezo-electric substrate also 
when it had a protective coat on the high aluminum film of the stacking tendency 
which used LiTa03 substrate, LiTa03 substrate, and 40Li2B7 substrate, and 
was formed on each substrate, the same effectiveness was acquired and it 
checked that the invention in this application was not dependent on the class of 
piezo-electric substrate. 
[0025] 

[Effect of the Invention] As explained above, according to the invention in this 



application, it excelled in power-proof nature and, moreover, reliable surface 
acoustic wave equipment was obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a surface acoustic wave equipment sectional view by the 
configuration of the invention in this application. 
[Drawing 2] It is a surface acoustic wave equipment sectional view by the 
configuration of the invention in this application. 

[Drawing 3] It is drawing showing time amount change of the insertion loss under 
power-proof trial of the surface acoustic wave equipment by the invention in this 
application. 

[Drawing 4] It is drawing showing time amount change of the insertion loss under 

power-proof trial of conventional surface acoustic wave equipment. 

[Drawing 5] It is drawing showing the power-proof test result of a polycrystal 

aluminum electrode layer and the aluminum electrode layer in which crystal 

orientation is carrying out orientation in the fixed direction. 

[Drawing 6] It is drawing showing the measuring circuit of a power-proof trial (life 



accelerated test) of surface acoustic wave equipment. 
[Description of Notations] 

11 21 Piezo-electric substrate 

12 22 Electrode in which crystal orientation carried out orientation in the fixed 
direction 

13 23 Protective coat 
24 Substrate Thin Film 
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